BACKGROUND: Chronic health conditions account for the largest proportion of illness-related mortality and morbidity as well as most of healthcare spending in the USA. Control beliefs may be important for outcomes in individuals with chronic illness. OBJECTIVE: To determine whether control beliefs are associated with the risk for death, incident stroke and incident myocardial infarction (MI), particularly for individuals with diabetes mellitus (DM) and/or hypertension. DESIGN: Retrospective cohort study. PARTICIPANTS: A total of 5,662 respondents to the Health and Retirement Study with baseline health, demographic and psychological data in 2006, with no history of previous stroke or MI. MAIN MEASURES: Perceived global control, measured as two dimensions-Bconstraints^and Bmastery^-and health-specific control were self-reported. Event-free survival was measured in years, where Bevent^was the composite of death, incident stroke and MI. Year of stroke or MI was self-reported; year of death was obtained from respondents' family. KEY RESULTS: Mean baseline age was 66.2 years; 994 (16.7 %) had DM and 3,023 (53.4 %) hypertension. Overall, 173 (3.1 %) suffered incident strokes, 129 (2.3 %) had incident MI, and 465 (8.2 %) died. There were no significant interactions between control beliefs and baseline DM or hypertension in predicting event-free survival. Elevated adjusted hazard ratios (HRs) were associated with DM (1.33, 95 % CI 1.07-1.67), hypertension (1.31, 95 % CI 1.07-1.61) and perceived constraints in the third (1.55, 95 % CI 1.12-2.15) and fourth quartiles (1.61, 95 % CI 1.14-2.26). Health-specific control scores in the third (HR 0.78, 95 % CI 0.59-1.03) and fourth quartiles (HR 0.70, 95 % CI 0.53-0.92) were protective, but only the latter category had a statistically significant decreased risk. Combined high perceived constraints and low healthspecific control had the highest risk (HR 1.93, 95 % CI 1.41-2.64).
BACKGROUND
In the USA, chronic health conditions account for the largest proportion of illness-related mortality and morbidity 1 and most of the healthcare spending ($2.3 trillion or 84 % of national expenditures in 2011). 2 In order to improve outcomes for those with chronic illness, the Chronic Care Model emphasizes the patient's role in developing treatment plans that are flexible, personalized and evidence-based. [3] [4] [5] However, in addition to high self-care demands associated with a single condition such as diabetes mellitus (DM), 6 many patients need to coordinate treatments and recommendations for multiple diagnoses. 7 Given the complexity of medical and behavioral recommendations faced by patients, there has been significant interest in determining which psychological factors promote improved health outcomes. [8] [9] [10] Control beliefs have been among the psychological factors proposed to be important for health outcomes. [8] [9] [10] [11] [12] [13] Perceived control refers to an individual's belief in his/her ability to impact events 14 and range from global beliefs 11 to perceptions specific for medical conditions or tasks (e.g., scales for DM 15 and hypertension 16 ). Some have argued that such specific control beliefs are more relevant for health outcomes, 10, 13 while others have suggested that global control beliefs can impact overall health in adulthood. [17] [18] [19] In order to address the relevance of control beliefs for those who are dealing with the complexity of chronic illness management, we focus on the association between control beliefs and long-term health outcomes among individuals with DM and/or hypertension. Both of these conditions are highly prevalent in the US and contribute significantly to the national burden of cardiovascular morbidity and mortality. 20 Previous
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studies of those with DM and hypertension indicated that control beliefs may impact clinical outcomes and behavioral change, but only short-term outcomes were evaluated (e.g., dietary adherence, blood pressure and glycemic control). 8, 9, [21] [22] [23] [24] We found no investigations addressing the impact of control beliefs on the long-term risk for major cardiovascular events and mortality in DM and hypertension.
In this study, we used data from a large representative survey of middle-aged and older adults in the US to investigate whether control beliefs are associated with risk for death, incident stroke and incident myocardial infarction (MI). Our first goal was to examine whether variation in control beliefs was particularly relevant for those with DM and hypertension compared to those without these conditions. Next, we evaluated the impact of control beliefs on outcomes in the general cohort. Finally, we explored the association of certain combinations of global and health-specific perceived control with survival and cardiovascular morbidity.
METHODS

Setting and Design
Data were drawn from the Health and Retirement Study (HRS), an ongoing observational study of middle-aged and older Americans; HRS participants include representative samples of those born during 1924-1959, as well as their spouses/partners. 25, 26 Since 1992, data have been collected through biennial interviews and self-administered surveys. The Participant Lifestyle Questionnaire includes items on psychosocial factors, such as personality traits, control beliefs and social support. 27 In 2006, this psychosocial questionnaire was given to a randomly selected group of HRS participants (roughly 50 % of the total cohort).
Participants
Eligibility criteria included participation in the 2006 HRS wave and no reported history of previous stroke or MI (Fig. 1) . Additional exclusion criteria included incomplete or ambiguous data for diagnosis of DM and/or hypertension (n=254), lack of follow-up survey data (n=358) and baseline age younger than 30 or younger than 30 at time of diabetes diagnosis (n=78). We excluded those who were diagnosed with DM before age 30 in order to focus our analysis on type II DM, as type I DM affects younger individuals and is associated with differences in recommended treatments. 28, 29 Among the 13,877 individuals fulfilling the selection criteria, 6,587 were eligible for the psychosocial questionnaire in 2006 but 925 did not respond (or responded via proxy).
This study was approved by the Institutional Review Board of the Durham VA Medical Center.
Measures
Outcome Measures. Our primary outcome was event-free survival in years, where an Bevent^was defined as the composite of death (from any cause), incident stroke or incident MI. For each individual, we determined whether any outcome occurred during the follow-up period (2006) (2007) (2008) (2009) (2010) (2011) . For each outcome, we used year of event or length of follow-up without an event (follow-up period calculated as the difference between year of last available survey and year of baseline interview). Year of death was defined using exit interviews with surviving family members. For incident stroke, we looked for affirmative responses to: BHas a doctor ever told you that you had a stroke?â nd used self-reported year of stroke to calculate the time to event. We censored individuals who answered Bpossible strokeô r had invalid or missing data for year of stroke. We employed a similar algorithm to calculate time to first MI. In defining the composite outcome, we used time until first stroke or MI, if either occurred before death, or censored participants at the earliest time when they were censored for individual outcomes.
Control Belief Variables. We used three variables to assess control beliefs: perceived constraints, perceived mastery and health-specific control. Perceived constraints and mastery refer to two dimensions of global control beliefs, indicating perceived external restrictions and personal competence, respectively. 11, 12, 14, 27 Perceived constraints scores were the mean of responses on a Likert scale (1=strongly disagree, 2=somewhat disagree, 3=slightly disagree, 4=slightly agree, 5=somewhat agree, 6=strongly agree) to five statements that described lack of control (Supplemental Table 1 ). Perceived mastery was the mean of responses (on the same Likert scale) to five statements indicating confidence in one's ability to act (Supplemental Table 1 ). Previous work showed Cronbach alphas of 0.86 and 0.89 for perceived constraints and mastery scales, respectively. 30 , 31 Health-specific control scores were numerical responses to a single question: BUsing a 0 to 10 scale where 0 means 'no control at all' and 10 means 'very much control,' how would you rate the amount of control you have over your health these days?B ecause both global and health-specific control variables showed highly skewed distributions, we were concerned about nonlinear effects. Thus, we categorized scores into quartiles to improve interpretation of relationships between control beliefs and health risk. In order to investigate the combined effects of global and domain-specific control beliefs, we performed separate modeling for four psychological groups with either Blow^or Bhigh^perceived constraints and health-specific control, based on a median split for each variable.
Main Biomedical Predictors. For presence of DM and hypertension, we used affirmative responses to two questions addressing these conditions, both beginning with BHas a doctor ever told you that…^3 2 Age at diagnosis and duration of DM were computed from self-reported year of diagnosis and baseline age. Respondents also answered questions about management of their medical conditions.
Covariates. Baseline covariates included demographic factors, other health conditions, behaviors, functional status and other psychological variables. We used binary indicators for selfreported heart disease, lung disease, cancer (Bexcluding minor skin cancer^), psychological problems, arthritis, current smoking and participation in vigorous activity more than once a week. Functional status variables included a binary indicator of whether respondents had memory problems and count variables of the number of basic or instrumental activities of daily living (ADLs or IADLs, respectively) with which respondents had some difficulty. Psychological covariates included scores on the eight-question Centers of Epidemiologic Studies Depression Scale (CESD8) 33 and positive and negative affect scales. Positive and negative affect scores were each calculated as the mean of reverse coded responses to six questions (response options were 1=all of the time to 5=none of the time). 34 See Supplemental Table 1 for detailed information on survey questions for functional limitations, CESD8 and affect scales.
Statistical Analysis
To address the differential effects of control beliefs in those with DM and/or hypertension, we used a discrete time-toevent analysis 35 with a complementary log-log link to model event-free survival from the composite of death, incident stroke and MI. We first tested for interaction effects between control beliefs and DM and/or hypertension in basic models including only main predictors, before adjustment for all covariates described above. Here, we present hazard ratios (HRs) from the basic and fully adjusted models with only main effects, along with predicted accumulated hazard curves for the composite outcome from the full model.
To examine the combined effects of global and domainspecific control beliefs, we conducted similar discrete time-toevent modeling as noted above, but instead classified respondents into one of four psychological groups based on Blow^or Bhigh^perceived constraints and health-specific control. We used perceived constraints and health-specific control to define these groups because they were each significantly associated with risk for the outcome, whereas perceived mastery was not. Thus, perceived mastery was retained in these models but not included in our construction of the four psychological groups. In addition to reporting adjusted hazard ratios, we also calculated the total number of events and event rates per 1,000 person-years for each group.
There were small proportions of missing data for covariates, with the highest being 5 % missingness for CESD8 scores. We used multiple imputations by chained equations 36 to generate pooled parameter estimates based on 25 imputed data sets, under a missingness at random assumption. To assess for multicollinearity, we examined covariate correlations and variance inflation factors. We also assured that all model parameters were estimable with low standard errors. All analyses and graphs were generated using R version 3.0.2.
RESULTS
Baseline characteristics and number of events are provided in Table 1 . Almost one in five reported having DM and half had hypertension; most adults with diabetes were taking oral medications and nearly a fifth used insulin. Almost everyone with DM or hypertension indicated that their conditions were well controlled. Most participants had at least a high school degree, nearly all had health insurance, and most reported no difficulty with any ADL or IADL. Overall, respondents reported low perceived constraints, high perceived mastery and high healthspecific control.
Among HRS participants who met our inclusion criteria, including being eligible for the psychosocial survey in 2006, 925 had missing responses for the psychological variables of interest. Compared with the analysis cohort (Supplemental Table 2 ), individuals with missing psychological data included more African Americans (26 %) and Hispanics (17 %), and a lower proportion had at least a high school degree (63 %). The income distribution was also skewed toward the lower quartiles (e.g., 34 % in lowest quartile). There were no differences in health conditions or functional impairments, except for increased reports of memory problems (6 %).
In evaluating the impact of control beliefs on event-free survival, we found no statistically significant interaction effects between control beliefs and DM and/or hypertension. However, we identified significant main effects associated with perceived constraints and health-specific control (Table 2 ). In the basic model, the greatest hazards were associated with perceived constraints scores in the fourth quartile (HR 2.15, 1.57-3.00 95 % CI), while DM or hypertension was associated with relatively less risk (HR 1.34 and 1.59, respectively). In the fully adjusted model, the effect for perceived constraints was smaller but remained statistically significant and meaningful (HR 1.61, 1.14-2.26 95 % CI). In contrast, increasing scores for health-specific control were associated with significantly decreased risk in both the basic and full models, although only scores in the fourth quartile were significant in the fully adjusted model (HR 0.70, 0.53-0.92 95 % CI). Higher scores for perceived mastery were also associated with decreased risk in the basic model, but these effects did not remain significant after full adjustment ( Table 2) .
In order to understand the combined effect of global and health-specific control beliefs, we compared overall event-free survival for those with Blow^(scores below the median) or Bhigh^(scores at or greater than the median) perceived constraints and health-specific control. Using low perceived constraints and high health-specific control as the reference group, all other groups had significantly increased risk in the fully adjusted model (Table 3) ; those with high perceived constraints and low health-specific control had the greatest risk (HR 1.93, 1.41-2.64 95 % CI), with predicted cumulative hazards of nearly 15 % by the end of follow-up (Fig. 2 ). There were also consistent differences in event rates (Table 3) . Of note, there was moderate inverse correlation between perceived constraints and health-specific control (Pearson correlation coefficient −0.34, p<0.001), leading to relatively fewer respondents who were categorized as both Blow^and Bhighf or these variables.
DISCUSSION
In this longitudinal study of older and middle-aged American adults, perceived constraints and health-specific control were significantly associated with risk for a composite of incident stroke, MI and death, but there were no significant interaction effects between control beliefs and DM and/or hypertension. Thus, for both those with and without these chronic illnesses, control beliefs had the same association with event-free survival. Higher perceived constraints predicted increased risk and higher health-specific control was associated with decreased risk; having the combination of high-risk perceptions for both factors (i.e., high perceived constraints and low health-specific control) was associated with the highest cumulative hazards. All of these effects remained significant after accounting for other chronic health conditions, sociodemographic variables, functional impairments and other psychological factors, including depression symptoms. In contrast, Count of the number of activities of daily living (ADLs) or instrumental activities of daily living (IADLs) for which respondent answered as having at least some difficulty § Composite outcome includes incident stroke or myocardial infarction and death perceived mastery was not significantly associated with risk after full adjustment.
Our study is the first to evaluate associations between control beliefs and long-term health outcomes for those with clear self-management needs, namely individuals with DM and/or hypertension. We proposed that control beliefs may be relevant in this population, based on previous work showing that condition or task-specific control beliefs were associated with health behaviors and physiologic markers. 8, 9, [21] [22] [23] [24] Some evidence also indicated general control beliefs were associated with differences in illness-specific control beliefs. 37 It is possible that we did not detect interaction effects because general control beliefs have diverse effects on health, beyond self-care behaviors solely associated with DM and hypertension. Perhaps, control beliefs impact management of other important cardiovascular risk factors, such as hyperlipidemia.
Some works also suggest that positive psychological perceptions are associated with increased longevity, due to effects on health behaviors and reductions in the negative physiologic consequences of chronic stress or anxiety. 9, 38, 39 Additionally, control beliefs may differentially affect those who have more difficulty managing their chronic medical conditions than was found in our HRS cohort. Although the high levels of selfreported DM and hypertension control likely reflect a certain degree of subjective reporter bias, our findings support that HRS participants with these conditions are generally under good control; DM and hypertension were associated with only moderate levels of increased risk for mortality and cardiovascular events compared with hazard ratios previously reported for uncontrolled disease.
20, [40] [41] [42] Other studies evaluating a subset of HRS respondents also found similar moderately increased risks for DM and hypertension. 43, 44 *Low and high were determined by whether scores were below or at least equal to the median, respectively † Discrete time-to-event model included psychological groups (based on perceived constraints and health-specific control), main biomedical predictors (diabetes and hypertension), perceived mastery (in quartiles), self-reported heart disease, lung disease, cancer, psychological problems, arthritis, memory difficulties, baseline smoking, vigorous activity more than once a week, difficulty with activities of daily living (ADLs) or instrumental activities of daily living (IADLs), score on the 8-question Centers of Epidemiologic Studies Depression Scale (CESD8), and scores for positive and negative affect; see Methods for full variable definitions ‡ Rate calculated as number of events per 1,000 person-years of follow-up In addition to variables in the basic model, the full model includes self-reported heart disease, lung disease, cancer, psychological problems, arthritis, memory difficulties, baseline smoking, vigorous activity more than once a week, difficulty with activities of daily living (ADLs) or instrumental activities of daily living (IADLs), score on the 8-question Centers of Epidemiologic Studies Depression Scale (CESD8), and scores for positive and negative affect; see Methods for full variable definitions
While we did not find significant interaction effects in our study, we have demonstrated important associations of control beliefs with long-term clinical outcomes in the general cohort. Previous work evaluating the role of control beliefs in health and survival did not show robust effects after adjustment for factors such as depressive symptoms and often treated health as either a single self-reported rating or a count of all conditions. [17] [18] [19] We addressed each chronic illness as an independent factor, adjusted for a rich set of socioeconomic characteristics, and accounted for multiple other psychological factors. Interestingly, perceived mastery was not significantly associated with event-free survival, indicating that perceived constraints and health-specific control are more closely tied to health outcomes. Past studies have also shown that Bnegativeĉ ontrol perceptions (i.e., constraints) may be more relevant than Bpositive^beliefs (i.e., mastery) for health outcomes, although they did not offer explanations for this difference.
12, 45 We were unable to discern in our HRS data set whether, for example, respondents make more realistic assessments of constraints compared with perceived mastery or individuals are more affected by negative beliefs in healthrelated behavior. However, as a whole, our study extends and confirms the importance of control beliefs for health and mortality in the general population.
Our results lead to several possibilities for how control beliefs may affect medical management and preventative care. First, differences in control beliefs can expand the definition of high-risk groups, which are usually based on medical complexity and/or functional impairments [46] [47] [48] [49] ; some have argued that such high-risk groups should be targeted for intensive (and often expensive) care management, 50 while others propose that outcomes in these groups are more relevant for payfor-performance incentives. 51 Even in our relatively healthy and non-impaired HRS sample, variation in control beliefs was associated with risk for poor outcomes. Second, an individual's control beliefs may affect long-term response to any Figure 2 Adjusted cumulative hazard curves for composite outcome among groups differing in main biomedical and psychological predictors. (A) Predicted cumulative hazard curves for groups based on diagnoses of diabetes mellitus and hypertension, using the fully adjusted discretetime model. (B) Predicted cumulative hazard curves for groups based on perceived constraints and health-specific control scores, using the fully adjusted discrete-time model. Perceived constraints and health-specific control scores below the median were categorized as Blow,^while scores at or above the median were designated as Bhigh^1
given intervention, as some work has suggested that interventions work better when the level of choice and engagement corresponds with personal control beliefs. 52 General control beliefs are also correlated with illness-specific beliefs, 37 which in turn can predict behavioral changes. 22 Finally, disparities in general control beliefs could be targeted by future interventions. Most previous work on changing control beliefs has focused on certain tasks and goals, such as confidence in obtaining social support among those with DM. 53 In contrast, global control beliefs reflect socioeconomic factors and are fairly stable over a period of years, with a gradual decline after middle or late adulthood. 12, 54, 55 However, there may be discontinuous declines in control beliefs at the time of significant health shocks, and such changes may not have been captured by previous work evaluating these beliefs over years. If changes in control beliefs occur during difficult health experiences, efforts to mitigate these effects may be important for long-term health, especially for disadvantaged populations.
There are several limitations to our study. Although a strength of HRS data is that participants are a nationally representative sample of American adults, our HRS cohort had low functional impairment and generally well-controlled medical conditions; it is unclear whether our findings may be as relevant for groups with poorer health and/or greater impairment. Also, HRS participants with missing psychological data included a greater proportion of minorities, had less education and lower income status; these characteristics are all associated with lower global control beliefs. Thus, our findings may have been affected by lack of response from minority participants and those with lower socioeconomic status. We rely on self-reported data for medical diagnoses and health events; compared against medical records, selfreported data are biased toward under-reporting of conditions, 56, 57 whereas self-reports may be more accurate than claims data. 58 When patient self-reports are compared with information reported by physicians, there is high concordance for DM and somewhat less for hypertension. 59 Additionally, we treated all covariates as time-invariant, although many of these likely changed with time (e.g., ADL, IADL, depressive symptoms, etc.); the retrospective nature and biennial followup period of HRS surveys limited our ability to account for changing covariates. Also, given the duration of available follow-up, we had insufficient power for separate assessments of risk for stroke and MI, and we could not examine outcomes over a longer period of time. We conducted exploratory analyses on the combined effects of perceived constraints and health-specific control, but further studies are needed to confirm the importance of such psychological groups. Finally, our study is based on observational data, and there remains the possibility of unmeasured confounders, despite our attempts to adjust for conceptually important factors.
Despite the above limitations, our study provides support for the relevance of control beliefs for risk of death and major cardiovascular events. More work is needed to determine how control beliefs may impact patient interactions with the health system and individual responses to clinical interventions. Elucidation of the multifactorial effects associated with variation in control beliefs can improve our ability to determine who will most likely benefit from existing resources, as well as help us develop new ways to support those at risk.
